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(57) Abstract: A radio device (1000) separates the signal 
from a specific terminal among from the signals from 
adaptive array antennas (#1 to #4) according to a reception 
weight vector calculated by a reception weight vector 
calculator (20). A reception coefficient vector calculator 
(22) derives an impulse response of a propagation path of the 
signal from the specific signal. A transmission coefficient 
vector inferring device (32) predicts the propagation path 
at the transmission time from the results of the inference 
by the reception coefficient vector. (22). A transmission 
weight vector calculator (30) controls the antenna directivity 
at the transmission time according to the results of the 
prediction by the transmission coefficient vector inferring 
device (32). in such a way, the degradation of the error rate 
of the downstream line due to time difference between the 
upstream and downstream lines can be suppressed. 
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[g] 3 0 lim$.%k-ftP\&M&Wi (Frequency Division Multiple Access : F DM 
A) , V&fftW&WfikWL (Time Division Multiple Access : T DMA) *5<£T>*P 

d m a <n<&m<DM\t f s 7*7-1* n § ^ ^/KDsaaia-cfo s 0 

i-f , 12] 3 0 £#BS Lt v F DMA, T DMAfci^PDMAlCo^t^f IC 
mM-f&c (213 0 (a) liFDMA^tia'Cfco-C, ^&-5Jl&£fcf l~f4 

[213 0 (b) i:^tTDMAi:*3V^tl±, '4^- Ifcoxv^/Wt^ftfcif 

s/fSJ5is»f i~f 4(Dmn&r\ *->o— ^oi^ra (N^^nyM -ii-^ 
#s fj £ n r e & $ n , # - ^ <o{& ;a & % 7 * a- * t mmm *; <t ^ - 

PDMA#a;j&S1g36£*lTv*5o ICDPDMA^il [213 0 (c) Mtj* 

ttsii.:, [^i:jg&&{i:i3#S loo*'!' y hSr^^^^^S'JLTlticco 
u-r (adaptive array) irW^S^ Srl^t^BSiiS. 
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[2i3 1 }±, z.<D£?tj:Ty7Tj7'Tu^mm&Mm<Dm^JWM&m&ft\z^ 

n*©7>ff#l, #2, #3, # nfi>b?£Z>T K7yft2 frffiZLX 

*s v , *r<Dmm>m < mm&Wi 1 (vrnmnw. 3 1 \^xmt>-r 0 — mmi-z>m 

itfcljKiozXZ (^fP9) „ 
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HftesStik8 coM&is ■§-£>JS8E#£#3SH^£ 3— tf BOfig{w=fcoTfi, a- 

- f a co a m ifi 105 ! f <b n -5 r <t \z & z 0 

^ G&iH- 3 fc J; 9 fc&S&fffcoT^So 03 211 T^f^T 

if, ^ — if A75^"b^f-^^A (t) , ^— if BA»e><OfS-^*B (t) ft* 
i. 03 1 07K7>ft2^«t5ll07yft# 1 T'CO^fff #x 1 
(t) fj, JKSCWJ: : 
x 1 ( t ) = a IX A ( t ) + b 1 X B ( t) 

C-T\ al, b lfi, &&-tZ>£ T/\s?4 J±X*mt-$-Z>&MX'foZ>* 

^\~. m2<DT>r-1-# 2 T'C0§:ff ft x 2 (t) fi % &xtcD J: 5 l^SitoZri 
3 : 

x2 (t) = a 2 X A (t) +b2XB (t) 

::t-, a 2, b 2t^f cyr/^-f At*'[:t5Mtife^ 0 

«fc{-, $3ror^m3-cro$M^x3 (t) n &5£Ocfc ? f^St^n 

3 : 

x 3 ( t ) = a 3 x A ( t ) + b 3 X B ( t ) 

a 3, b 3 hmm^V T;u<?'(J*r*mt-tZ>ffim-?tbZ), 

fflmz^ mnCr>T>-T-r# nX*<D%:isia^x n (t) fi, &5tC9 J; p idgc^ $ 
xn (t) = a n x A (t) + b n X B (t) 

::t- ( an, b nhmm^vT^f-f j*x~mt-fzmmx°hz c 
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±t£(D&Mal, a 2, a 3, — , a n H x =>-— iFA7S»e>0Mttift{g #l::>tt U 
TU>fT>'f l -^2Sr«fiJE-r5r^7 L -^# 1, #2, #3, #n©tn?n© 

JbSEO^Skbl, b2, b3, bnt>|3]«^, !fB^f>©it 
frg-KStU T^x-7-#l, #2, #3, #nfl)*Ji€lx-C©SM:i 

^;h,^*U7}T>^T*g{l£;ftfc<l-^x 1 (t), x2 (t) , x3(t), 
x n ( t) it. ^-r-S^-f yflO-l, 10-2, 10-3, 1 0 

2-2, 12-3, 1 2 - n CD— JjAJlMft^tl-Z-X-hthZo 

r^^-e^SfSft -s-i-aH" 5i^w 1 , w 2 , w 3 , wn^wsiii." 

Lfc^o-C, T>7^-7-# 1 -CcoSfiTfS-^x 1 (t) ii, 1 2 - 1 £&-C, 

w 1 x (alA (t) -!- b 1 B (t) ) kttY). T^TT^^ 2 T?tf)§fSfS# x 2 
(t) ti. SfeHSl 2- 2^^T, w2X (a2A (t) +b 2B (t) ) b 
«9 , TVrttt 3 fOSfgft-Jg-x 3 ( t ) f±, 12-3 &BX. w 3 X 

(a 3 A (t) + b3B (t)) i^ 1 ?, $ klllT^f^tf n-CtfDSfSff-S-x n 
( t ) .fi, 1 2 - n «lt , wnX (an A (t) + b n B (t) ) kte 

5, . 

IhbOSI^l 2-1, 12-2, 12-3, 1 2 - nOtU^fi, flpjf 

w 1 ( a 1 A ( t ) + b 1 B ( t ) ) + w 2 ( a 2 A ( t ) tb2B ( t ) ) 
-rw3 ( a 3 A (t) + b3B (t) ) + — + w n (anA (t) IbnB 
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(t) ) 

(w 1 a 1 +vv 2 a 2 + w3 a 3 + --- + wn an) A ( t) + (w 1 b 1 + w 
2 b 2 + w 3 b 3 +••■ + w n b n) B (t) 

::t, J: 7" ^T^-f i~rjR»Si6^ 1 W» t^A, B 

£fiftg'JU BffS<^^— lfd>^<Z)fS-^^*tttH-e#S«fc5J--hSafi*-w l , w2, 
w3, wnSrtfitS. ttxll HI 3 2 COflijT'fl h^<* WMflJffil 

«B1 1H ^illg-t^^— ^A7i^(75ff-^A (t) ro^.Sr**ttl't-S7h«){c, 
ft&a 1, a 2, a 3, an, b 1, b2, b3, bn^lt^L, 

ff-§-A (t) (DW^iUh (t) «MiLT0i^5 

J;9{; v I^iwl, w 2 , w 3 , wn&f+W"f-5 0 

f^fct), .fS^-A (t) flXSMBctfl, fT*B (t) ©i» 0 ^^l*wl, w 
2, w3, wnS^TH^^llita: 
.. w 1 a 1 + w 2 a 2 + w 3 a 3 +■•■ + w n a n = 1 
w ibl-rw2b2+w3b3+ — + wnbn = 0 

ZOJ:-5lcm^wl, w2. w3, wnSrKffi-Swi:tcJ:«9, flaJMi 1 

tti^m^-=lxA (t) +0XB (t) = A (t) 



WO 00/79702 PCT/JPOO/04086 

r is^mM^mm i <Dv^"f h^<? b^mmu 1 1 (1132) *2 N *^yi4j&» 

\M3 2{w*5Vn-C. S n (t) 7^f^7U 

-f l Sr«fiR-*-5i2H9«B 1 Tl:A9. SUMS l 5- 1 ', 15-2, 15 

-3, 1 5 -ntf>— #A*J{w-£;te>*l£>, m^O^^OftH^-A^^fi^ 

zi^fi, $=.4 wufijijffligBi i \z j; ofcKgftte^fcS^xJSttiSixfc 

I^wl, w2, w3, wn^S= $^TPPAP$ix5, 

1, 10-2, 10-3, 1 0-n^U> *tJ^i-5T>^^-# 1, #2, 

S3, # riCl^btV HI 3 1 0$C^3F*3{~iM« S-fti. 

rr-c% ^fH#<bMi:Ti/^T^^^2^m^r^t$iT,5it-§-{-{i, mtm 

SSSttl4{zJ: <9g:{f £ri5o S34(i, r <o ± 9 fe^-f A 1 7 W ^7 u 

&jWI< taffl^^i-H3 1 (Dm^3^M^tLX, (2 3 4 OiKJgLkOflWR 3 a 

0 {z.T^y^r ^7K *iigft£J&^ l h it 3.— T ACDm&MsSm 4&f- 

^^^XK>^0-{&(Diy^^m^^m^xt^^>^=F mu x # * * , 
5aj/i^x-fc*c 
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x&fami£tex<Dm&frbmiziz£f&irz¥m&% A.* Hz, ttiiFD d 

(Frequency Division Duplex) % TDD (Time Division Duplex) tefOHfr'TM 
5 fflt5Ii:m5^ ktt&o ~1o, gfJ#£ F D DT'ffl^S 

h tfsii M L T-ti & # * #t£/0> # & ^ -5 o 

M±i&m L-Ttcfc 0 ('x SlfifCT ^^f-f^7l/'fS:ffl^tTDD/PDMA 
10 ^-xtT'fi, ±9 Hire** fcftfcTW (^-f h/^^-y) Sr 

( 1 ) flnjSP* /Wik <t^f™ (B-i I) . vol. J81-B- 

II, no. 1, pp. 1-9, Jan. 1998. 

( 2 ) ±Jg, ft^Sft. RCS97-68, pp. 27-32, 
Jul. 1 9 9 7. 

93 }i , ±te w j; 5 * Fnms * mm-r 5 7t * e # $ nrt t ^ -c *> o r . r ^ 
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Lfc#£\ TDD/PDiMA^5t{z*5^T^±TlHl^cOB#ra^{CJ; <0 5&±-fZ> 

m m m<nr >^ nm-t- s i{tfiisn4s youngs <b ^{t ^ -s 0 

s»*7i»ibroaisfs*nsf9-^eo±9iHij»xo y bit, ±<om^^^ >y h<D9tmM 

S**^3ffi«fcO«g|ft^«»i, »*^2g5ttoSSj»Sfi©«sg{^n^.T, Site 
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smmsmm^mmmmn. mMmimm<Dmmmm(Dm^m^x, <&tecd 

2 <Z>«t3MSr#tU U i£fSe«B&*tJ£lHl*&te» m l*3«fctf$B2 (Dtfg^HSr^fipf 
ft jfcJg 7 fSm<^«^^gfi. 6 IE«c<75^*^«ro«fifct-*D^^* IB 1 CD 

(31 cfc O o 

^fteSfiSStt^lEllStt, «8feo«x£fit&lHlffiU EHft*S3:KS<5^-C*f$-f 5 ~ 
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§i3fc3f i o fzmomm'gimz. tn^msmmo^MmrnKDm^m^x. sit 
cornet, mwt<Dmw&frt><nm-%-&i)m-fz>toW-&k mmmm\±m 

ji*&mtti-tZ)T&tB.$.x..'{ b^<? b^W-Ut^ 3^flKS#Sr— ^A*{-S«t, ttLft. 

'J b ^ b *? x. -4 b'<? b/i'k&glrtX. &W}M&'#\7£%V>(D¥\\fe%g%:l^fcCX 
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3i£ff ?W b^<# b^fbW-Ut. ^is^^-f b^t b^t^it ?^-f b^ b 

20 HI 1 Ji, *$&W<Dnffi<Dlfm 1 ^ P DMA/BM^cD«;|!^g («i^git!i^) 

1 0 0 0 coffirfc&TF-tWtl&y n s/^En?fe§o 
I2!t &«ft|£S (MlSSiffi^) 1 0 0 0(DmYf<nWL^&WLW-rZ>tl#)<D7 a 

25 i4it lustra i <Dmwm<D, %mmw^? b^sf»wt2 2<Dii!i(Dmf$.z 

Molt, Mikttlzmfe&ftti: e»aSO«l^«:?T^5«E^Sr^-r«E^ 
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El8f± % ^i£^m7<^AR^7 :: Vu^^-t-m2CD|i!E^[llT-S)^ 0 

EI9fi» IH7(w^Lfe7-r/u^A ( z ) WfllfiKSr^i-fttB&^'n s/^jg-c**>5 6 

ilOli, AR*f/l'tfclt5 7if/^A (z) COig^V/l-^W (z) ©«fi& 

Ell 2*4, TDD/PDMA^S:*r^-t-ftt^:ia-efcS 0 
El 13 14, PDMAO^ a >y h^fig?r^i-|2lT-S?-5 0 

Ell 4 {4, ft^K^7- i^^^f d 5 H z ©»^l;ov>t ©IffiJIsEro B 
ER^tt^^f E)T*fc3 0 fitttl«:2pi&E b /N 0 ( 1 f 5/ bfotz D (DW-i^^ * ^ 
— *HsiW«#«f£it, E! 1 * 1 . Eb/NO -Cafti". McoHj-e 
*ffiWl»45pt& Cy. h^7 — 1^— h (El^ BER T'^fo fih. <D HI X' b IS ] 

m) 

11 5 14, ft* K -y'T'y —M^k f „ tf 5 2 O H z <d#£-1^o^t<c>31£1*£££> 
B ER-Wtt^i-E-CfeS. 

EI l 6 {4, ft* Ky7*7— SSKScf d OH z ©it^Ko^TOSasiJi^ 
B E Rtet* $r^-f-E|-efc5 0 

Ell 7 {4, ft* Ky^— «jft«tf d ^5Hz<7)l^!:o^TRL S*MfM X 
Z>mfc<D¥-&3B E R#te^^-TE1-C"fc5 0 

El 1 8 {4, ft* Jl#t$C f „ # 2 0 H z ©SH^Co^-CR L S^f£ir 

i-Sm^CO^B E R^ttS:^i-|2|-C*)5o 

El 1 9!1 ft* h'y77—fflfc& i t &4 OH z ©l^!:oV>TR L S^#Il 
J; 3#££gd¥#JB E R#t£ ^7Fi-|UT-fe5 3 

El 2 0 ft* h'vZf?— IKK f d ^ 5 H z t73^^}ro^-CcDSM I ^#1^ 
«t 5 lt7E«W .2pJ$ B E R 4*14 ZTjk-t-m 6 = 

El 2 1 {4, ft* K y Z?7—mWL%L f d ^20Hz (-Ol/^T© S M I 
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H2 2ft, ft* Ky:/5— JSIJ&ftf d #4 OHz©»^l:o^tosMl^|f 

02 311, ft* Ky7*7— JS&ftf d 2*5 H 2 (Di^i:o^t<7)#gii;^!) ^ 
**i-S3P*&BER#tSS:^ia-CfcS B 
5 . 0 2 4ft,; ft*Ky7 P 9—jaft*fcf (l ^20'HzO4i'a'^OV^TO^«j£^0 

1212 5 ft, ft* K 5/7*7— il^f d ^4 OH z 0»^^oV>-CO^ffJK*s 9 
{-*H-53]Zig|BE R«Pi4S:^-Ma-efc5, 

HI 2 6 ft, t^K77 1 7-l»f d (^tS¥K)BER#tt^tiT'$)5 0 

^) 2 0 0 O^tH^^i-MPt&Vn ->>?|2|T*fe^ 0 

[212 8ft, *5gWO^JfiO^JI8 9<7>PDMAffl3EflS^<Z>^iBl$IIS (»S±ttl 
^) 3 0 0 O&mrfL&fr'i-W&^n -yi?mX°hZ> 0 

1129ft, &&wo)MM<nfttMi o<DPDMAmmmm<nmM£iW: (mumm 
15 m) 4 o o o(nffif&&7Fi-$Lmy f v v?mx*&z> a 

m30ft, m$i&ftm&migm, &&&&&&&& x vmm^m^mmm 

( Path Division Multiple Access: P DMA) GD^HtGOiHf v"* T AJUatt 5 

H3 ift, TP-?*?-* ~7t mwk&t&m(D^*mttffli±fo\^^- j i%&mx 

20 fc5 e 

|3 3ft, ^^amaom^f^7U-A^^^i-Ml8&fllT'fc^ : 

1213 4ft, Tf-fri-fT \sjmMmmmt^—*F t<Dm<Dmmt^<D^^ 

25 

|| Bfl £ ^j5S-r 5 fc Sb COft & <^ 

El lft, ^P^cD^Sfe^Jf^l^PDMAfflSife^^^^e (lill/l) 
1 0 0 0Ot#^^^-t-MB&7"a 5/*0-efc5 o 
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m 1 f-^Lfci^Sff i^^7"A 1 0 0 0-C*f±, Jyftt 1 ~# 4j3»60>fg-§-£: 
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sfssus r i *5iota- -fp s i ^<nm^*mmi-5>tz!b<DmmusT i 
■ttefrib, tH^thcDT^T-rx^m^ntz^iBm^Rx, u) , rx, 

(t) , RX 3 (t) , RX, (t) 12. -y^l 0-1, 10-2, 

10-3, 1 0-4^Ltf<fSSR HIA?), %m h^<? 
2 0, %:m&M^? h/^|E«2 2i:^iP>^i:Hli, *J-/£i--5ff**££ l 2 
-1, 12-2, 12-3, 1 2-4©-*A^I;^m#x.^H^ 

ntOT^^-^T-CO^ffff-^^^-i-Sfi^^w rxll, wrx21, wrx3 

-f h/L-f+iC^2 Old J; 19 „ V Tsisfsf 2»X*Wfc£tlZ>o 

mz&x-tDi&mftte^m&M^? b^&mfei-zztxmit&m^? wwi:#«> 
^-^istt^-rs^y 34i, i&ra^ h/Ht^$3 2 

13 0 X/^fDS^-^^w t x 1 1 , w t x 2 1 , w t x 3 1 , w t x 4 1 tfWtiU 
Jn5fI^15-l, 15-2, 15-3, 1 5-4t*^tf s HlfSl 5- 
1, 15-2, 15-3, 15-4A>?)Oa^tt, 1 0-1-10-4 

£fr lt, 1 ~#4{d-^^ibn§o 

m i irf±n^LT^^^^\ s^tsus r i *3«ktfigftffl5ST i tmm<D 

[T-j/T 5 -? tf>»jfftB3] 

Tls'rl-e&iEZtltL&tefe^rRX, (t) , RX, (t) , RX 3 (t) , RX 
; (t) fi % WT©S"Cg$H5 s 
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RXjG) = h I ,Srx, (t) + h 12 Srx 2 (t) + rij (t) 
R^CO = h 2i Srx i(t) + h 22 Srx 2 (t) + n 2 (t) 
RX 3 (t) = h 31 Srx 1 (t) + h 32 Srx 2 (t) + n 3 (t) 
RX 4 (t) = h 4l Srx 1 (t) + h 42 Six 2 (t) + n 4 (t) 



-d) 
•••(2) 

— (3) 

— (4) 



~ZX\ia%-RXj (t) fi, j#l (j=l, 2, 3,. 4) (DT^T-T(D%: 

\t\t^^ U Iff S r xi (t) te, i#S (i=l, 2) (D^—^ffcmit L 
fcft 

cD{f ^tf>1£3fc0M£&?I* U nj (t) j # g <D§{1 ft f ^SnSSt* Sr* 

±cOxt (1) ~ (4) £-<^ h/uflS5£-C*K-f ^T£>£ 3(-#5e. 

X(t) = H^rx, (t) + H 2 Srx 2 (t) + N(t) • (5) 

X(t) = [RX,(t), RX 2 (t), .... RX4.(t)F - (6) 

H i =[h li ,h 2i ,...,h +i F, (i = l,2) -C7) 

N(t) = [n 1 (t) > n 2 (t) J ...,i^(t)r -(8) 

(6) ~ (8) (Cjo^-C, [•••] T te> [• 1 ©teSSr^iV 
Z - T*, X ( t ) (iA^](f^^ H, f± i #l©a- VtoStit&ik^? 

hvK N (t) JiJg^^ WU&^ft^H^LTi^So 

h<DXt>\t -S-MStf^&w r xli~w rx4i SrJ&tt T^JiE Lfcff -^SrSfl if # 

SRX ( t ) t LxttiJj-rz, 

rxl (t) t«lttlt5»^©7^7*f ^7 k'f ro»WTO± 5 1^*5. 
rm^7K10 0©WM*yl (t) ft. A^ff-^-^ h^X 
(t) > C7^-f H/VWl <D^<? bJW&Wz. X <9 . J£i.T<£>ct 5 *£3ZV&t> 
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yl(t) = X(t)W l T 

Wj = [wrx u , wrx 21 , wrx, 3l , wrx 4l ] T 



••-(10) 



— (9) 



->^-f b^'y wuwi fi, j mgcoAJim f RXj (t) uUS-tt^ 

b^n^l^Mwr xjl (j =1, 2, 3, 4) £^£1-5^ h^Tfcio 
d'T-it (9) (D£o\Zi&te&i%tzy \ (t).K*fL-C\ 5t (5) (Cj;<93?m 
$nfcA^fll-^<^ h/wx (t) Sr^A-fSt, WTW±9l:ft5. 

yl(t)= H 1 W, T Srx 1 (t) + H 2 W 1 T Srx 2 (t)+ N(t)Wi T — (n) 

H 1 W 1 T =1 — (12) 



5t (1. 2) (i 3) zmtz-tx o\zv=^< \"<? fa-wi i>m±izm 

MZtiZk. 7^7"r^/7W l 0 0i>e>©ttJMfy l (t) t±> 

yl(t) = Srx l (t) + N,(t) -04) 
N,(t) = n 1 (t)w M + n 2 (t)w 21 + n 3 (t)w 31 + n 4 (t)w 4l 

••(15) 

15 tiitliS^-y 1 (t) 2 AO^-f 5 l # § 

J&Sjgfi LfefS-^-S r x 1 (t) ^#btL« 3. tidTjtS, 

[i$gt iooo coftj^ooHM] 

20 MH^iEl 0 0 0 {l*5V^Tfi, T^f^^TKW'?^ h^<^ (fi^ 

6 _ t !i* @ U ^(f^Sk^ h/ucoiffi^Ki 3 r <h CiotKgfti: 

16 
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£?t? (xf-^sioo) e <£M'&<DmjEte. (i) ~ (4) dis^x, 
Sv^fefcSi:, (l) - (4) }d*5^T; fcfc;ttf, Sift^^ h^H, 

fy7 , Sl0 2) o r<D^JJ$tLfcS:if^^^ ^U#i£f&B#<£>i£fSfl%£C'<* h 

s-^-c, h/i-6of+^^ttv\ sumsi 5-1-1 s-4\zm 

(^^y^S 104) « 

T>x-f£r&TSffm&*»ktti#£*b5W-^±, ±aSUfcS: (1) ~ (4) 

r<Dxt (1) ~ (4) T*iiP$^7>TtOglHM^^ 
T'^IELfi^^^a'lE-rzirf'-rS t. JWTW5t (5) ~ (8) <£> «fc 5 KftS, 

X(t) = H,Srx, (t) + H 2 Srx 2 (t) + N(t) • • • (5) 

X(t) = [RX,(t), RX 2 (t), .... RX n (t)r -■ (6) 

H i = [h u .h 2i ,...,h ld ] r . (i-1,2) -(7) 

N(t) ss [n 1 (t),n 2 (t),...,n n (t)r -< 8) 

#81 • ±tem-§-S r x i .( t ) (i = l, 2 ) f±-f -<Tg5E*P 
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zcokZ. fffSr xi (t) &8t*a<Di8%r-?hZZ.k&fflmLX. £fifl*& 
h/UH, = [hll, h21, h31, h41] *5j:tfH 2 = [hl2, h22, h32, 
h42] &^Tlz.mmirZ>£ 5iZLXmtii-rzzk&X*gZ 0 

{f-^-srxi (t) zmn^fritx, r^^-^y/uw-i^ (8#fB]SF*$o ^w-jfi-s 

E[X(t) • Six,*(t)J=H, • E[Srx,(t) • Srx/(t)] 

+H 2 • E[Srx 2 (t) • Six/(t)]+ E[N(t) • Srx/(t)] 

-(16) 

^ (16) Mfcl^T, E [•••] a y B#|B] S P*&* , ^U S* (t) It, S (t) 

EfSrx^t) • Snc/(t)]=l ..-(17) 
E[Six 2 (t) • SrV(t)]=0 . (is) 

E[N(t)- Srx,*(t)]=0 -(19) 

C LT\ SI (18) COm^O k?£Z><ntt.. ff-^-S r x 1 ( t ) kim^S r x2 
U) fdStMwffiB8^/«ti/^fc«)-C*>5, 5^ (19) (DfiSflso 

fl^Srxl (t) iJTSHS-S-N (t) <b cD^lC^M^ft Wc&T'feS, 

L7t*«oT, 5t (16) (DTly^^)VW-m^^k\^X^XT\^-t^O\^. 

E[X(t) • Srx^O^H, -(20) 

w±©i9/j:¥ai:±i5, n#@©a-fps i frbmm ztitzm ^tii 

(UliilLT, A^ff 3"<* h^X (t) irff-S-S r x2 (t) <OT iV 

w-mmtzftft ozkx\ 2 # @ <d^— tf p s 2 7&» p>iHft $ ntiiB^-(D§:im.m 

18 
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-^v^/JOi^ih &ffi.(D6 8 v^/jOu^r-*— * is is £ <b(-*^Jl<7} 3 

-f Sflt^Sc^^ h/K£B*©tiE;ft© l oc^B^iJ t lifcit^f ^ f 

( t ) £ i: , ±19 n 5/ h £>$fcp h 1/— zi 1/ if i/l/tf;)s$\\(DatfM tot* 

■ . 0>fi£ f ( t 0) <b, ±19 gUft x □ h 0 b V— — ^ ^* -> isiSjvm amM\. t 

1 T"©1 f (tl) tfZLg^^T, TO HJ^^e y h©^ t fC^tf-MS f 
(t) f±, gT©i 9{-TzP.'JT'#So 
. f (t) = 

if (t l) - f (tO) ] / (tl-tO) x (t-tO) -i- f (tO) 

#*s, £A.t(Dnwx'i*> ±<o mm.* a y bco^m tMc'&mz. b i — ->-^>^ 
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i) 

a-f PS 1 COmm t = i T ( i : T : *&8#rarafi«) IC*5#5 

W h"^^ h/l^W u> ( i ) = [w t x w t x I2> w t x |], w t x M 

3.— TP S 2^^-L-C^S'JLfcfe^S& (gfl^Sfc'** b^) -«:V tt) (i) = 
Ch,' ( ".(i) , h 2 ' (2 > (i) . h 3 ' (2 > ( i ) , h 4 ' C2) ( i ) ] t-rz* — 
T\ h B ' M (i) ttqtsroa- if<^, p#B<&T:^^(::*j"t-£g'ft^Sfc'< 

? h/KDB#gij i Kat-rs^aHfi-cfoSo ih^j-l-c, «f p s i {^stbxte 

r^irt, W (l> (i) T v (2> (i) = 0 tft-SJ; w<° (i) £fc5£i-£o 
t«]Mi Lt^ WT©*#cl) , c2) £l£-r o 
c 1 ) W ( " ( i ) T V (,) ( i ) = g 
c 2) || W (l) ( i ) II &*/h£i-5o 

i i) mummnm&m^zjjfe 

( t ) , ?:n-r h-<^ h^&wi: (t) =w T x (t) t&m 

ft#d (t) ^©^-Si^f'hi'tSi^-^^ h^^ 7 h^*»Uf:i 
(MMSEl$:f/h2^iSlP) , IBcM?^* ^W Ml tt^S (W i e 
n e r fl?) "C^X. "btl/So 

W opt =R^ r xd -(2D 

R xx =E[x*(t)x T (t)] " (22> 
r xd = E [x * (t) d(t)l -(23) 

-Z-C. Y T (iYcD^m$r, Y*«YtO^^0^^, E [Y] (iT >1f >-:7Vusp 
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i:5-e, ^u^mn^m^^^mx^, ±m&. (21) *uTKmn-rz> 

-rfcfeW*t££ftfc«*£HfB-^»h / (,i, n (i) fcffii^T. 3-— ifk<7) 
tftC^'f h;UW <k> (i) £§mi-£ c ik#|©a-f©7^^ 

V (k) (i) = [hf >(i),h^(i),-..,h' 1 < k >(i) ] T " (24) 

t = i TK:fcttS<E«3:ffffi-S3-<&§ BHB8fT^JR„ (i) teV (k > 
(i) £ffl^T&5£T-3t^£tL-5 0 

V^(i)V^ T (i) + NI ... (25 ) 



BJ^ioit-Sf+^T'ti, fcfcfctf; N= 1.. 0 X1 0- 5 i ttc 

£f*f3#£ ©taM^.* H^r ld ( i ) ii.2fc^:-c*t5$.n5... 



Lfc^oTSt (2 1) (2 5) (2 6) ^«fcU, t = i T{C*5{j-ST9H] 

ft*3, ^ (25) co^tf^J^fi^fT^JcoliSb^S^ «t <9 , 3.-fkl:*tLt 



r X d(i) = V (k) *(i) 



•■•(26) 



W«(i) = (p 22 + N) V^(i)- Pl2 V^(i) 
W {2) (i) = (p n + N) V< 2) '(i) - p 2 , V (1) *(i) 
p 8 =V® H C0V o> (i) 



•••(27) 



•••(28) 
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OIN-Oi, 1Zb*-tts : T. Ohgane, Y. Ogawa, and K. 

Itoh, Proc. VTC '97, vol. 2, pp. 725-729, Ma 
y 1 9 9 7, zfcjft : + , /WIL §3-0, •ff^SfS, v o 1 . R 

CS98-1 1 7, pp. 1 0 3- 1 0 8, Oct. 1 9 9 8 tlEi$nt^o a 
i i i) f— if P S 1 fdfRjJtS^ft 

f-A^a-f p S 1 KlRjttS 3 j&<D^K*B J^T^^fc-tir 
W (» ( j ) =v <» {i) * 

iUfSmJi, a«l£a $ 9ftir»«lftW y Lfc#£\ TDD/P 

#f k & wi frj -t- 5 r 1 1» -c & s o 

»ilitit etftgSroit^*-^: (20) wT>-if ^/M^^fflv^:: 

(214 tc^-ri:*5«p . i saoT^-j-j^ibofff-^i^ T^y^^yru^T 

•/7 L -f-fi*bliit)£ft& l#g<7}^-— if P S 1 a»b£>fg-^-S r x 1 ( t ) (Dj%m& 
MfS r x 1 (t) *?riI^4 0ti»Lfctl:, 1117^^4 2?: 
iiiii^-fr-S SfeflfW^/U* 4 275^<^tU73fi, h n (t) t/f5„ 

2#g if P S 2 7)^<b<75ff-8-S r x 2 ( t) CQlSSf^&Off S 

rx2 (t) *£Hi^L7if£^ $fe*f#:7-i'yi'* (m^-fri") £iii@£i±-5£:, 
3fe^ttt7^yu^A»b^>ai*tt, h i2 (t) 
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[H$5<73fl^2] 

eHRKOtfl^*:* (2 0) ©7ytyy/^?rffl^5: 

3&<Dm.m%ftte o * i-tefrh. ±ia<oA (2D ~ (2 3) t 

opt fi, #^f^d (t) , iBffiBfltty'JRxi. SS.t^WM^^ h/Hr >d £J3^-C 

1 -(22) 

Rxx=E[x*Ct)x T (t)J 

rxd =E[x*(t)d(t)] - (23) 

ZC-e, fBM^ H^r ld W#J5)c^^> l#l©a-fPSli:*tt59x'< 

r ld = [E [RX, (t) d (t) •] , E [RX 4 (t) d (t) *] ] T 
~ [h,,, h 21 , h 31 , h 4l ] 
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mm 1 1 EUfcKft # o ~ t As-et So 
ii#i©7yft^6©ff?Rx i (t) (omfrh, ^ZTTV^T 

yrtA^tti^^ix?) If @W^-fPS l^?)©fff-S r x 1 (t) t 
ft^flH&Sfc^ H/Uh ' „ (t) ^^^Ufc^m^^l^fc^cD^^^TRX i 

( t) <t-t~3c -Tft^-b^ 

RXi ' (t) =RXi.(t)-h'„(t) • S r x 1 (t) 

2SifeCD^fl8 3(0g{9flM&'<* K/Htl«2 2flt E [ I RX i (t) | 
'-'] ZticHz-fZh ' it (t) ^T©IW*Mt'*fe5„ 

- - T\ loCi^^XD^httd k = Ofrb k =M (7c> xJi\ 11 
9) ^T'iOT-'— ^/JS-a^n-CV^'b^.h-t-^o 

j|<7)SfH&ifr^ h^&h u (t) £-fSi:*» E [ I RX i ' (t) I 2 ] & 

h ' „ ( t ) =h„ ( t ) 
*^fel^Tj£Srfflv^5i:, h'„(k) (B#£'J t = k T <n t # <£><IU k:g** 
it) }cSti--5J^Tcoiii'fb^^#^^5o 
h ' „ (k + l ) = 

h' M (k) + ul {RXi (k) — h ' n (k) • S r x 1 (k) } • 

S r x 1* (k) 

' „ (k) <Dwmmt urtt, h ' (o) =0 ir-rntfitv^ 

ST'*)*, 0 5fi, H3 £*Nt£ftSE|-efc5o ffifbsfcT-h ' „ (k) £*#>3 
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~ n^-^-cor ^x?- sco^-m^ti*, ^— fp s 1 ^^j-r-sg-ff^^^ 

X fc«fc>fcv \ * fc, mm t 1 W\ ± 9 BttiX' 3 y h P^TB#,£ t Ufctf v . H#£iJ 

lifiroTyrt^^OiffRXi (t) a»<b, T^f'r^^T U"T T^r- 
-^bfcB^ixS ltl©^- f P S 1 a»e>0)fS-5-S r x l (t) ir^iSUft&S: 
m^-<^h^h' n (t) Sr^*LfcSe'**bWc2#i^n.— tfPS lfrb 
©ff^Srx2 (t) i(R&Wfc£{S«#'<* ' « < SrfHSlLTt^J!: 

Sr3lv^7tt>£>$rafeaC>"CRX i ' (t) iri"6o i"ftfc>*>, 
RXi ' ( t ) = 

RX i (t) — h '„ (L) • S r x 1 (t) — h ' a (t) • S r x2 (t) 
m&<Dl&m4<»&fe&&' < * h/WfI#2 E [| RXi' (t) s 
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2 ] £ft/Hd-fSh '„ (t) *5«kt/h ' i2 (t) ^TWi 5tCbT-@LX* 

H ' , (t) = [h ' „ (t) . h ' i2 (t) ] T 
SRX (t) = [Srxl (t) , S r x 2 ( t) ] T 

5 ttit, E [I RXi ' (t) | 2 ] <D-<^ hA'H ' , .( t ) '\Z.te-$-Z>*mtf 

OVfoZ t Wo&ftfrbs XOSMS^^ h^*H i0rr (t) <t-r-5^#> J£J. 



7t«t.-g:|g|illI^fT**.fJ«t^o 

^TWTtwgftW"t"5 0 £lTlzmWTZ><DlZ^ i^:fc>»$>5 2 (RL S 

: Recursive Least-Squares algorithm) <fc ^-ffi"t?fc-5 c 
I i f S07yf ti»?)©^RX i (t) TW-f^WTyf 




(t) &^3* L7t*t*£3l^fc«b£>£5fc*!rCRX i ' (t) ir-T5, i-fcfc 



H 



10 



R SS -'=E [SRX* (t) SRX T (t) ] 
r ss =E [SRX* (t) RX, (t) ] 




RXi' (t) =RX i ( t) 



— H ' / ( t ) SRX ( t ) 
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H'i (k+1) = H'i (k) +R.- ! (k) SRX*(k) RXi'(k) "-(29) 
RXi' (k) = RXi(k) - H'i T (k) SRX(k) • ■ - (ao) 

R 3S - , (k)=l/A-R sl , (k-l) 

- 1/A '[R»- l (k-l) SRX'(k) SRX(k) T ^''(k-l) ]/[ A + 

SRX(k) T R ss "'(k-l)SRX*(k)] -(31) 

::t-b, l ooiOEH^o y W\z.\s.^ k = ofab k =m (fc <tx.ti\ l 
19) ST'COt 5 '— ^/J^^tiT 1/^-5 t><^<b-f- So 
ir-e, ^^Cl (0 < A. ^ 1 ) fit, ^SP^ft-CifoSc H' f (t) counter} 

in^t^tcTyfticio^ttTid a— fps n^jy-f ssflr^^^ 

^Mt*- tf-'P S 21:01^^^ a— If PS 2^*J~r5gfS«»^< 

mm<Dmm 5 t-?±, m 5 Lfcia&jc ufc#o-c, e*RK<7>^«y*-^j t 0 

fit V o 
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immoijtm 6 ] 

^-CWT{c:lfe0Ji-6o ^T^P^-f-SOli, v^^5*^T?£ (LMST/^' 

^JfeC0ff^5 i:(Rl1t{^LT, ^ i #g£7)TV^^-75>ibOif-^-RX i (t) 
7m^7M7^t*>5)lll*^5W^^ hA'SRX (t) <t'{£ 

i ' ( t) t-rs, 

RXi ' (t) =RXi (t) — H ' , T ( t ) S R X ( t ) 
LMS7/^y XAlCfcftfcf, WTiO^O £o 0 
H ' . (k + 1 ) =H ' , (k) + u SRX* (k) RXi ' (k) 
r^-Ck, 1 oCD_t<9 EMS* p s> h + tCfi, k = 0 k =M (fct ;L(i\ 1 
1.9) SX'COr-^^ttW^tOtfS.. 

0<M<l/ ; '- ma x 

•z.x% Amaxii, ffiga^jRxx ws^a^rfltt-efcSo h', (t) 
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$ «b id, otitis <t L-cteu w±iftw bfc«fc 5 ^mm^mm 1 

Of^tJ 6 O^feJriS^S *Li\ #<!x.tf, i£^^?7£ (SMI : sample matrix 
inversion) r £ fST^&So SMlK©I^t (H3(C^L^ 

mm^m 7 ] 

(Autoregressi ve model) h ^'(ffi "C tfo 0 

utT^ii, sm^tfc-<* h/KD^^co-o^<-t^^^ f (t) -c&-rzt\z.-r 
(t) fi, ^ayia^ ce^tf***^) x-fo^o 

AR*f^A*t±l5v (t) ^A^-rn«\ (t) $ 

I2 9fi, 117 {C7FLfi7^/U^A (z) (D^/5}t^^-rMB&7'D •-V^H"C*fc'5 = 
igiiiD^T, ii«a (1 ~a,ft E [I v (k) ! 2 ] &*/H::-r3 «fc 5 

<f (k) } jJSM&05AR ; E-^ f A'-Cfcn«U {v (k) } tt, 

110!1 AR^x/WCiSttS^W/U^A (z) (Dm? 4 *1>9W (z)' 
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£i±f£^ l ^ % mso jkhi i ~ 6 co o . mn^m i is x t>* 2 & 6 t/c: s m i 

{£ as -5- 7L h ti z> h 00 1 -r a o 
15 m^^iz^.^^-^^^ Fm-%comm&?m%itei&Mx£z>i>(Dt u 

25 111 2fi. J^T^^Mi"-5TDD/PDMA^5C^^-riiS^[2]-efe2> fi (Hi 2 
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#*3, nj£Lfcs<7*— ?imtd = 5 l s e,= 0deg, 0 2 = 8 8. 4 de 

Ull 3}*. PDMAO^ny HHric&^-fia-efcSo El 3(^i"J;3tc. P 
DMA/<-7 h<b LT±T(Hi^{--etL ; eix4 3-— tf-fofiJ^T7t8^a bmfit 

ttM<D9 7 v-^^yb^r-'-^ '>^^Vu?iJ^i-^, 0 fcfcTU SM I 

QPSK, fciHil,!Stt4 OOkb/s ir-TSo ¥^JB E R (Ifyhx?-!/- 
h) f±l 0^[s]tf>'<— h^iticj: i? WttS-T^o 
i ) ¥^E b /N n {c**-f 

i - i ) sasiHifciiJt 

El 1 4 — 1 6 (d** Ks/7°7— JlifiSfe f d *S5 H z , 2 0Hz, 40Hz©I 
-^ilo^-CcDM-^i^c^B E R#t4^-^iX^t^^-ro *S£j£j& s t> A 6 5 d e 
g i Lt c HI 1 4 — 1 6 K33l^-C\ E b /N„ (1 hfcfctlO?^ 

^^^^—Mm^M-tl^mtt. 12*, Average Eb/NO -C3Ei-„ WT, ftilWig-ek 
151 tR) ?rSL, JKUbfi^fix h (Hll 3 , Average BER W 

K •> 7* 7 f d # 1^*3: £\ t£3fe^ j£-Ctt BER Vf&&'£it L T ^ 5 , 

. Fj= 2 0 H z <7)*J^lBJb ^#1*1/^31*^ fiejfe^&T'ttifiS E„/N 0 

-Ck6£3fc3M£iJt'<TE ll /N 11 = 3 0 d B"C 2tfrJ£A± <fcl/^t£&^ L'^o t 
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i - 2) R L S^-tf iCjlSti^ 

E 1 7'~ 1.9tC v ft^:Ks>7 , 7— JS»»f d ^5Hz,- 20Hz, 40Hz© 

L£oT<^£ c L^U f d =20Hz, 4 0Hz©i#(i, ffiH#fe*rfflV^fc 
= 3 0 d B-C'l ~2>fT^«k^it#te^^L-CV^ 0 

i - 3) SMI *14$t~ 

5) ) t. itig?G9/t£>, :£J:t^Mt-3 1 v/^/jvbCD h — 

tf/i^ik ^F^(C6 6 ^VtfVi-GD-r— ^ v^/tfvi^ij (H^ft (3 1) ) frsxtftz. 

d 2 0 ~ 2 2 (Zflc*: K y -nmk f d 75> 5 H z , 2 0Hz, 40HzWl 
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#t£f±, R L S ^jfSrffl^tiS t Uff-t LTV ^5. M&iZLMfrlT 

R L S T'(7)i|^ffi 2 t S M I T'Wgif ft (15) *S»3cff— ScLT*3 0 , 
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